In this research, we report on the synthesis of warfarin acetals by using Preyssler's anion, [NaP 5 W 30 O 110 ] -14 and heteropolyacids (HPAs) catalysts. This reaction was performed using methanol and ethanol at reflux temperature conditions. Under these conditions we have excellent yields and high selectivity. Preyssler heteropolyacid catalyst were easily recycled recovery and reused without the loss of its catalytic activities. The synthesis of warfarin acetals has been achieved using the catalytic amounts of green, inexpensive and eco-friendly Keggin types heteropolyacids. The products were obtained in high yields.
INTRODUCTION
Coumarin and its derivatives form an elite class of compounds; they represent the ring systems of several important groups of natural products. They have been used as anticoagulants 1, 2 , additives in food and cosmetics 3 , and in the preparation of insecticides, optical brighteners 4 and dispersed fluorescent and laser dyes 5 . These compounds can also be used for the synthesis of other products as furocoumarins, chromones, coumarones and 2-acylresorcinols 6 . In continuation of our investigations in the field of the synthesis of coumarin derivatives, the synthesis of heterocyclic condensed 4-hydroxycoumarin derivatives is described herein. In the previous syntheses of a warfarin cyclic acetal, as a blood anticoagulant 7 , Lewis acids were used as catalysts (zinc chloride, iron (III) chloride). There is a number of methods available for the synthesis of acetals. Usually, the synthesis of acetals is carried out with catalysis by a strong proton acid, such as sulfuric acid 8, 9 phosphoric or methanesulfonic acid 10 or by Lewis acids. These methods are not entirely satisfactory, owing to drawbacks such as low yield, long reaction times, corrosive properties of catalysts and difficult workup. There are many structural types of heteropoly compounds (polyoxometalates), which have been reviewed in detail elsewhere
11
. The majority of catalytic applications use the most stable and easily available Keggin HPAs, especially for acid catalysis. The Keggin HPAs comprise heteropoly anions of the formula [XM 12 O 40 ]
n-(α-isomer), Figure 1 . Heteropolyacids (HPAs) are applied both in bulk or supported forms, with a homogeneous and heterogeneous catalysis being possible. Heteroplyacids (HPAs) have many advantages that make them environmentally attractive in the academic, industrial and economical signification. These are useful acids and oxidation catalysts in various reactions since their catalytic features can be varied at a molecular level
12
. Among them, the Keggin-type, HPAs have long been known to be good catalysts for oxidation reactions 13 . They exhibit great advantages: for example, their catalytic properties can be tuned by changing the identity of the charge-compensating counter cations, heteroatoms and framework metal atoms 13 
.
Heteropolyacids catalyze a wide variety of reactions in homogeneous or heterogeneous (liquid-solid, gas-solid or liquid-liquid biphasic) systems, offering strong options for more efficient and cleaner processing compared to conventional mineral acids [13] [14] [15] [16] [17] . Being stronger acids, heteropolyacids will have significantly higher catalytic activity than the conventional catalysts such as mineral acids, mixed-oxides, zeolites, etc. In particular, in organic media, the molar catalytic activity of heteropolyacid is often 100-1000 times higher than that of H 2 SO 14-and PMo are strong fully dissociated acids. These compounds have several advantages as the catalysts which make them economically and environmentally attractive. The major disadvantage of HPAs, as the catalyst lies in their low hydrolytic stability which is very important in catalytic processes. Preyssler's anion has an excellent hydrolytic stability (pH 0-12). This stability demonstrates its functionality over a wide range of pH. If one applies the principles proposed for green chemistry, the Preyssler catalyst will be introduced as a promising candidate for green catalysts. This catalyst is green with respect to corrosiveness, safety, quantity of waste, and separability. In pharmacology, warfarin is one of the most important blood anticoagulants but the cyclic acetals 2 or 3, are even better anticoagulants than warfarin.
MATERIALS AND METHODS
All chemicals were obtained from Merck and used as received.
Instruments
1 H NMR spectra were recorded on a FT NMR Bruker 250 MHz spectrometer and 1 H NMR, 31 P NMR,
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Si NMR and 13 C NMR spectra were recorded at 298 K. Melting points were recorded on an Electrothermal type 9100 melting point apparatus andwere uncorrected. Chemical shifts were reported in ppm (δ-scale) relative to internal standard TMS (0.00 ppm); the solvent was used as a reference. The IR spectra were obtained with a Buck 500 scientific spectrometer (KBr pellets). The products were identified by comparison of their mp., IR and NMR spectra with those of authentic samples.
Catalyst Preparation
The Three main peaks can be observed: (1) a peak at a temperature below 100 o C corresponding to the loss of physisorbed water (a variable amount depending on the number of hydration waters in the sample); (2) o C centred at 450-470 o C due to the loss of 1. 5H 2 O molecules corresponding to the loss of all acidic protons and the beginning of decomposition of the Keggin structure ( Figure 2 ). For tungsten HPAs, the latter loss is practically irreversible, which causes the irreversible loss of catalytic activity. The decomposition is complete at about 610 o C to form P 2 O 5 and WO 3 , which is shown by an exotherm in DTA and DSC 17, 9 . Therefore, the thermal decomposition of H 3 PW 12 O 40 follows the course:
General procedure
Warfarin (1.0 g, 0.003 mol) was dissolved in a small amount of dry methanol, or ethanol (10 ml) and heteropolyacid catalyst (0.03 mmol). Then the mixture was stirred at reflux temperature for the appropriate time (10-19 min). The progress of the reaction was monitored by TLC. After the completion of the reaction (monitored by TLC) the mixture was filtered to separate the catalyst (heterogeneous catalyst) and then the solvent was evaporated to dryness under reduced pressure. The reaction mixture (product) had to be dissolved prior to filtration and washing with dry methanol or ethanol (5-15 mL). The solvent was removed under the reduced pressure to afford the crude product. The crude product was purified by crystallization from methanol. The catalyst (homogeneous catalyst) could be recycled after the evaporation of the solvent from the residue solution and washing with diethyl ether and the obtained solid acid was filtered off and washed with diethyl ether, which could be reused in another reaction.
2-Methoxy-2-methyl-4-phenyl-3,4-dihydro-2H-pyrano[3,2-c]chromen-5-one (2) 
RESULTS AND DISCUSSION
We wish to report an easy and efficient procedure for the synthesis of the cyclic acetals 2-methoxy-2-methyl-4-phenyl-3,4-dihydro-2H-pyrano[3,2-c]chromen-5-one (2) and 2-ethoxy-2-methyl-4-phenyl-3,4-dihydro-2H-pyrano[3,2-c]chromen-5-one (3) in good yields from 4-hydroxy-3-(3-oxo-1-phenylbutyl)-chromen-2-one (1) catalyzed by Preyssler heteropolyacid (Scheme 1 and 2).
We used Preyssler heteropolyacid (Scheme 1, Table 1 ) for this reaction. The yields of the synthesis of warfarin acetals with Preyssler heteropolyacid are given in Table 1 . Here, there is a mechanism of the synthesis of warfarin acetals (Scheme 2). Generally, on the basis of the results obtained as shown in Scheme 1, 2, the reflux promoted intra-cyclodehydration reaction of warfarin with methanol and or ethanol, to the corresponding acetals 2 or 3, in the presence of Preyssler heteropolyacid as a catalyst is a better choice than the conventional methods in term of reaction temperature, reaction time and yield. Above the synthesis reaction was created in the presence of the recycled catalysts and the results are summarized in (Table 1-3, entries 1-2). The recovered catalyst was reused successfully. These characteristic IR absorption data are very useful to identify the structures of POMs. It can be seen that the PW 11 /SiO 2 films have vibration bands similar to those of the corresponding starting XW 11 (X = P), suggesting that the primary PW 11 structures remained intact regardless of the functionality of the polyanions. The shifts of the bands may be due to chemical interaction between the surface of the XW 11 and the silica matrix, as described earlier. In the case of SiW 11 /SiO 2 film, the intense and broad Si-O-Si vibration band of the silica framework at 1080 cm -1 covered that of Si-O from the central SiO 4 unit of SiW 11 . Therefore, based on the peaks appearing at mid- (Fig. 3) . That is, the resonance at δ-94.31 ppm originated from the central SiO 4 unit of SiW 11 cluster, which is nearly the same as that of the parent SiW 11 (δ-93.0 ppm), suggesting that the Si-O bond from the central SiO 4 existed in the hybrid materials. The other signals in Fig. 3 indicate the existence of silanol groups such as Si*(OSi) 4 (-122.31); Si*(OSi) 3 (OH) (-112.17) and Si*(OSi) 2 (OH) 2 (-101.51), which come from the incomplete condensation of the silica network. Therefore, we confirm retention of the structural integrity of SiW 11 after the formation of the composite film. In the case of pure PW 11 , two IR vibration bands of P-O in the central PO 4 were at 1095 and 1043 cm -1 , respectively. However, only one vibration band at 1079 cm -1 was observed for the PW 11 /SiO 2 film. At the same time,
Scheme 1. Synthesis of warfarin acetals with Preyssler heteropolyacid
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P MAS NMR showed that one resonance at δ-13.5 ppm appeared (Fig. 3) . solution, similar changes in the 31 P NMR spectra occur (Fig. 4) . 
CATALYST REUSABILITY
At the end of the reaction, the catalysts could be recovered by a simple filtration. It is noteworthy that the catalyst may be reused without a significant loss of activity. In order to know whether the catalyst would succumb to poisoning and lose its catalytic activity during the reaction, we investigated the reusability of the catalyst. For this purpose we first carried out the reaction in the presence of the catalyst. After the completion of the reaction, the catalyst was removed and washed with diethyl ether (10 ml) and subjected to the second, third and fourth runs of the reaction process with the same substrates. The results of the first experiment and subsequent experiments were almost consistent in the yields (after three runs) (94, 93 and 91%) and the catalytic activity of H 14 [NaP 5 W 30 O 110 ] and the heteropolyacids (HPAs) was almost the same as that of fresh catalyst. We have thus found that the Preyssler catalyst can be reused several times, without any appreciable loss of activity and after recovery the catalytic activity was decreased only 2-4%, pointing to the stability and retention of catalytic capability of this useful polyanion. The IR spectra of the resulting solids indicate that the catalyst can be recovered without structural degradation ( Figure 5) .
The work-up procedure of this reaction is very simple. After the completion of the reaction the mixture was filtered off to separate the catalyst and then the solvent was evaporated to dryness under reduced pressure. The reaction of Warfarin acetals synthesis was created in the presence of recycled catalysts and the results are summarized in (Table 1-3) . The recovered catalyst was reused successfully ( Figure 5) .
CONCLUSIONS
In summary, we have developed an alternative and simple procedure for the intracyclodehydration of 4-hydroxy-3-(3-oxo-1-phenylbutyl)-chromen-2-one (1) to the corresponding acetals 2-methoxy-2-methyl-4-phenyl-3,4-dihydro-2H-pyrano[3,2-c]chromen-5-one (2) or 2-ethoxy-2-methyl-4-phenyl-3,4-dihydro-2H-pyrano[3,2-c]chromen-5-one (3) on a Preyssler heteropolyacid surface using reflux has been demonstrated. With using H 14 [NaP 5 W 30 O 110 ], Preyssler type heteropolyacid, as an eco-friendly, inexpensive and efficient catalyst. The high yields, relatively short reaction times, the simplicity of the operation and an easy work-up procedure are some advantages of this protocol. H 14 [NaP 5 W 30 O 110 ] offers the advantages of a higher hydrolytic and thermal stability. The salient features of the Preyssler's anion are availability, non-toxicity and reusability. We believe this methodology will be found useful in the organic synthesis.
